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Abstract
The challenge for Nuclear Industry in the 21st century is to achieve higher standards
with regard to Sustainability, Economics, Safety and Reliability. This is the purpose of
the Generation IV initiative. The International Reactor Innovative and Secure (IRIS), as
a modular Light Water Reactor (LWR) based on existing proven technology, and with
signiﬁcantly improved safety, satisﬁes these requirements. The University of Pisa (Dipar-
timento di Ingegneria Meccanica, Nucleare e della Produzione), as a member of the IRIS
consortium, is involved in the Thermo-Hydraulic study and design of the IRIS core cooling
system. The main objective of this activity is to contribute to the IRIS reactor design by
optimizing the features of an experimental facility intended to provide data on reactor
phenomena, and to validate the Computational Fluid Dynamic (CFD) code.
In the present work, a qualitative analysis, which has led to a Phenomena Identiﬁcation
and Ranking Table (PIRT), was performed on the IRIS reactor downcomer and lower
plenum. By means of CFD, this analysis can be validated and quantiﬁed and some design
issues can be addressed. Thus, the entrance of the coolant ﬂow into the downcomer, one
of the phenomena identiﬁed in the previous analysis, has been studied. The commercial
code has been veriﬁed on an experimental reference case. Then the downcomer inlet has
been modeled and four simulations have been completed. Two simulations were done on
the full scale model, whereas other two simulations were done on a down scaled model in
order to address the scaling analysis of the experimental facility.
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Chapter 1
Introduction
Phenomena that need to be considered in the nuclear power plant design are very complex
and their analysis requires computational analysis by sophisticated tools, since full scale
experimentation is possible only in a limited number of cases. One-dimensional system
codes have been used for a long time in this purpose. However, the ﬂow in components such
as the lower plenum and the downcomer of the Reactor Pressure Vessel (RPV) is clearly
3D. Natural circulation and mixing in containment volumes are also clearly 3D phenomena
and in some analysis this characteristic can not be neglected. The availability of powerful
computers and of eﬃcient numerical techniques can heavily inﬂuence the development of
utilized tools. Particularly, thermo-hydraulic analysis of nuclear power plants can now take
into account the utilisation of CFD. Even if CFD for single phase ﬂow has reached such a
reliability that it can be used to solve a great number of problems of industrial interest, in
the nuclear industry, because of the safety issues, a further eﬀort in CFD model validation
is needed.
Large experimental databases are needed in code assessment. Unfortunately an in-
novative design, like the IRIS reactor design, can exploit only a part of the available
experimental data and with a limited reliability. In this context, as a member of the IRIS
consortium, the University of Pisa (Dipartimento di Ingegneria Meccanica, Nucleare e
della Produzione) has the task to build a down scaled experimental facility. Designing and
running the experimental facility need awareness about involved phenomena and a proper
scaling strategy.
It must to be observed that plant and/or component behavior is not equally inﬂuenced
by all processes and phenomena that occur within them. An optimum analysis reduces
candidate phenomena to a manageable set by identifying and ranking the phenomena with
respect to their inﬂuence on ﬁgures of merit. Cause and eﬀect are also diﬀerentiated. After
the processes and phenomena have been identiﬁed, their importance should be determined
with respect to their eﬀect on the relevant ﬁgures of merit. The principal product of the
2process illustrated above is a Phenomena Identiﬁcation and Ranking Table (PIRT).
Later on, CFD can conﬁrm and quantify this preliminary analysis.
CFD, even when a full validation is not yet completed, can also provide data to ad-
dress a proper scaling analysis. The scaling analysis should be conducted to ensure, by
demonstrating the relevance and suﬃciency of the collective experimental database, that
the data, and the models based on them, will be applicable to the full scale analysis of the
plant.
The purpose of the scaling analysis is to provide:
1. the design parameters for reduced-size test facilities;
2. the conditions for operating experiments;
3. the non-dimensional parameters which facilitate the eﬃcient and compact presen-
tation and correlation of experimental results;
4. the quantitative criteria to substantiate or revise the ranking of phenomena;
5. the basis for quantifying scale distorsions;
6. the scaling criteria for simulating component interactions within a system.
The present thesis work is aimed at applying CFD tools in the validation of a PIRT
developed for the lower plenum and downcomer phenomena in the IRIS reactor. In fact,
an analysis of thermo-hydraulic phenomena occurring in the downcomer and lower plenum
region of the IRIS reactor were completed. One of the identiﬁed phenomenon has been
chosen for a further CFD analysis. Before simulating the entrance of the coolant water in
the downcomer, the CFD tool has been veriﬁed on a similar experimental case.
